Intracavernosal injection of a vasodilating agent, followed by color Doppler ultrasonography of the penis, is used to diagnose vascular impotence. The vasodilating agent is usually injected into one of the corpora cavernosa and the peak systolic velocity (PSV) of the cavernosal arteries is measured on both sides, presuming that the connection between the two cavernosal bodies will distribute the drug uniformly on both sides and will consequently affect the cavernosal arteries and sinusoids equally. According to our experience, the PSV of the injection side is higher than that of the contralateral side. This difference could affect the results of the evaluation. In this study, our objective was to compare the results of both-side injections with those of one-side injection. A total number of 60 patients with a normal Doppler study of the penis were enrolled in the study and were randomly divided into three groups. In the first and second group, 60 mg papaverine was injected into the right and left corpus cavernosa each. In the third group, half of the dose was injected into each side. The mean maximum PSV was measured and compared in each group. The mean maximum PSV in the group with the right-side injection was 47.7±10.8 and 40.3±9.2 on the right and left side, respectively. The mean maximum PSV in the group with the left side injection was 44.4 ± 7.1 and 51.4 ± 7.1 on the right and the left side, respectively. The mean maximum PSV in the group with bilateral injection was 47±9.9 on the right side and 46.7±10.7 on the left side. In the first two groups, there was significant difference between the mean maximum PSV of the right and left cavernosal arteries, but in the third group, there was no significant difference between the mean maximum PSV of both side cavernosal arteries. Injecting papaverine in only one corpus cavernosum, despite a perfect postinjection manipulation of the penis, will affect the sinusoids and cavernosal artery at the same side of the injection more than the contralateral side. This results in a higher increase in the blood flow and PSV on that side and results in an artifactual difference between the velocity of the right and left side, which could ultimately exaggerate or mask the actual difference between the two sides. Dividing the total dose of the vasodilating agent and injecting half of the dose into each corpus cavernosum separately prevents artifactual difference between blood flow and velocity on the right and left side.
Introduction
Impotence is a common problem that has a significant impact on the quality of life. [1] [2] [3] Many factors are recognized as being the cause of impotence, including psychotic, neurogenic, hormonal and vascular causes. Among these factors, vascular factors are the most common. [4] [5] [6] Color Doppler ultrasonography of the penis after intracavernosal injection of vasodilating agents including papaverine, prostaglandin E1 and phentolamin is an accurate and minimally invasive diagnostic test that is usually included in the workup of impotence. [7] [8] [9] In this study, the spectral analysis of the Doppler waveform of each cavernosal artery has been performed separately and the peak systolic velocity (PSV) and end diastolic velocity (EDV) were measured at different times in at least a 30 or 45 min exam. A PSV more than 30 cm s À1 indicates normal arterial function and an EDV less than 3 cm s À1 in the case of normal arterial function indicates normal venous competence. 10, 11 Vasodilating agents are usually injected into one of the corpora cavernosa. By reason of fenestrations in the septum between the two cavernosal bodies, it is assumed that by manipulating the penis after injection, the drug will distribute evenly on both sides and the cavernosal arteries will be influenced equally; then, any significant difference between the velocities on the two sides is considered pathological. 12 On the contrary, our experience showed that the measured velocities of the cavernosal arteries on the same side of the papaverine injection are always higher than the measured velocities on the contralateral side. This artifactual difference can increase or decrease the actual difference between the two sides, and exaggerating or masking the actual difference between the two sides consequently turns the difference from a nonsignificant range to a pathological range or vice versa.
This study was conducted to find out whether the injection of a vasodilating agent into one of the corpora cavernosa affects the two cavernosal arteries equally or it affects the injection side more than the contralateral side. If so, then we should have a separate injection into each cavernosal body to avoid creating artifactual difference in velocity between the left and right cavernosal arteries.
Patients and methods
All the patients who were referred to our radiology department from the urology clinic for the investigation of impotence, with the request of Doppler ultrasonography of the penis with intracavernosal injection of vasodilating agent, were randomly divided into three groups. In the first group, 60 mg of papaverine was injected into the right corpus cavernosum; in the second group, 60 mg of papaverine was injected into the left corpus cavernosum; and in the third group, the total dose of papaverine was divided and 30 mg papaverine was injected into the left and right corpus cavernosa. After performing Doppler ultrasonography, all patients who had normal Doppler indices (PSV more than 30 cm s
À1
and EDV less than 3 cm s À1 ) and were considered normal (on the basis of the fact that a normal Doppler study excludes the vascular cause of impotence) were enrolled in the study.
We continued the study until we collected a total number of 60 patients; 20 patients in each group.
To avoid the influence of undesirable vascular factors, any patient who was diagnosed as having vascular impotence, either arterial insufficiency or venous incompetence, was excluded from the study.
In an isolated and private room for each case, before the injection, we placed an elastic band at the base of the penis and using a 25-gauge needle, we injected the papaverine into the corpus cavernosum at the base of the penis. We then manipulated the penis for 1 min to distribute the drug evenly within the two cavernosal bodies and to affect all the sinusoids uniformly. Subsequently, we released the elastic band and started the Doppler study. Our ultrasonography machine was Esaote, Mylab 70 (Esaote Company, Genova, Italy), with a 5-7 MHz multifrequency linear array transducer. During 45 min of Doppler exam, PSV and EDV of the cavernosal arteries were measured every 5 min on each side. The penis was placed on the abdominal wall and the cavernosal arteries were examined at the ventral surface of the base of the penis with the least angle of insonation as possible (below 60 degrees) and the lowest wall filter (125 Hz). For each patient, the maximum PSV and the minimum EDV were determined for each side.
We observed all the patients within the department for at least 2 h to check possible priapism. The patients were released after the erection subsided.
The protocol for the research project has been approved by the Ethics Committee of Iran,University of Medical Sciences, and it conforms to the provisions of the Declaration of Helsinki (as revised in Edinburgh 2000).
The objectives and methods of the study were explained to all subjects and written informed consent was obtained.
Statistical analysis
Statistical analysis of the collected data was performed by SPSS version 11.0 (SPSS Inc., Chicago, IL, USA). The values of variables were given as means ± s.d. The normality of variables was checked. A comparison of both-side measurements in each group was performed by the paired sample ttest. Comparison of the variables between the three groups was performed by using ANOVA (analysis of variance), and the Tukey test was used for post hoc comparisons between groups. P-values lower than 0.05 were considered as statistically significant.
Results
A total of 60 patients were enrolled into the study. They had a mean age of 31.1 ± 6.2 years (19-44) and were randomly divided into three groups, each Papaverine injection side in cavernosal Doppler M Ghafoori et al containing 20 cases. The mean age of the right-side injection group was 31.4 ± 5.9 years, the mean age of the left-side injection group was 31.4±6 years and the mean age of the bilateral injection group was 30.6 ± 6.9 years. There was no significant difference between the mean ages of these three groups of patients (P-value ¼ 0.9).
The mean maximum PSV of both-side cavernosal arteries in all patients (120 measurements in 60 cases) was 46.2±9.7 cm s À1 (30-73), the mean maximum PSV of the right cavernosal artery in all patients was 46.4 ± 9.4 cm s À1 (32-73) and the mean maximum PSV of the left cavernosal artery in all patients was 46.1 ± 10 cm s À1 (30-67). In the group of patients in whom papaverine was injected into the right corpus cavernosum, the mean maximum PSV of the right cavernosal artery was 47.7 ± 10.8 cm s À1 (36-73) and the mean maximum PSV of the left cavernosal artery was 40.3 ± 9.2 cm s À1 (30-62). This difference was statistically significant (P-value o0.0001). In the group of patients in whom papaverine was injected into the left corpus cavernosum, the mean maximum PSV of the right cavernosal artery was 44.4 ± 7.1 cm s
À1
(32-59) and the mean maximum PSV of the left cavernosal artery was 51.4±7.1 cm s À1 (39-66). This difference was statistically significant (P-value o0.0001). In the group of patients in whom papaverine was injected into the corpora cavernosa on both sides, the mean maximum PSV of the right cavernosal artery was 47 ± 9.9 cm s À1 (34-68) and the mean maximum PSV of the left cavernosal artery was 46.7±10.7 cm s À1 (31-67). This difference was not statistically significant (P-value ¼ 0.75). The mean maximum PSV of the right and left cavernosal arteries based on injection side groups is illustrated in Figure 1 .
In the group of patients in whom papaverine was injected into the right corpus cavernosum, the difference between the mean maximum PSV of the right and left cavernosal arteries was 7.4±3.3 cm s À1 , and in the group of patients in whom papaverine was injected into the left corpus cavernosum, the difference between the mean maximum PSV of the right and left cavernosal arteries was 7±1.3 cm s À1 . This figure was 0.25 ± 3.5 cm s À1 in the bilateral injection group (P-value o0.0001).
The Tukey test revealed that the mean differences of the bilateral injection group compared with those of the other two groups were statistically significant (both P-values o0.0001), but this mean was not statistically different between the right and left side injection groups (P-value ¼ 0.87).
Drug-induced priapism developed in five patients. They were managed successfully with aspiration of blood and irrigation of the corpus cavernosum with normal saline. They were released from the radiology department after the erection subsided completely.
Discussion
Measuring the PSV of cavernosal arteries during the Doppler study of the penis after an intracavernosal injection of a vasodilating agent is the base of arterial insufficiency evaluation. Other than the maximum value of PSV, which defines the efficiency of the arterial supply of the penis, the difference between the PSV of each corpus cavernosum per se has a diagnostic value and the difference of more than 10 cm s À1 is considered as pathological and suggests unilateral arterial insufficiency and points to the necessity for further evaluation. [12] [13] [14] In most of the articles that are published regarding Doppler ultrasonography of the penis, bilateral or unilateral injection of the vasodilating agent is not mentioned or it is mentioned that the drug was injected to one of the corpora cavernosa. Therefore, it emphasizes on the equal effect of vasodilating drugs on both cavernosal bodies, despite the unilateral intracavernosal injection being a proven fact. In one study, the dose of papaverine was divided and half of the dose was injected into each corpus cavernosum, but no specific reason was mentioned for this injection policy. 15 The results of this study showed that a unilateral injection of the vasodilating agent into one of the corpora cavernosa, despite a proper manipulation of the penis, will affect the same cavernosal body more than the opposite side, and the PSV at the same side will rise more than at the contralateral side and will result in the difference between the PSV of the right and left cavernosal arteries, which is artifactual and is because of our injection policy. Figure 2 shows the Color Doppler ultrasonography and spectral analysis of cavernosal artery waveforms after an injection of papaverine into the left cavernosal artery. Obvious difference between the blood flow of the two sides, with more flow on the same side of the papaverine injection, as well as a significant difference between the velocities of the two sides, is evident. Dividing the vasodilating agent into two equal doses and a separate injection into each corpus cavernosum will Figure 1 The mean of the maximum peak systolic velocity (PSV) of right and left cavernosal arteries based on injection side groups.
Papaverine injection side in cavernosal Doppler M Ghafoori et al result in a uniform drug distribution within the cavernosal sinusoids, with a subsequent equal effect on the cavernosal arteries, which consequently prevents artifactual difference between the PSV of the left and right cavernosal artery.
Minor asymmetry between the velocities of the right and left cavernosal arteries in the normal population is mentioned by some authors, but a significant difference of more than 10 cm s À1 between the two sides is considered as an abnormal finding. 7, [15] [16] [17] [18] The artifactual difference between the PSV of the right and left cavernosal arteries that is produced by unilateral intracavernosal injection of a vasodilating agent in some patients may be in the nonsignificant range and does not interfere with the final diagnosis, but in some patients, it may interfere with the actual difference between the velocities of the right and left cavernosal arteries by adding to, or subtracting from, the actual difference between the two sides, which can exaggerate or mask the existing actual difference and affect the final diagnosis. It is probable that in a normal man with a higher velocity of the right cavernosal artery and a nonsignificant difference between the two sides, injecting the vasodilating agent into the right corpus cavernosum will result in an exaggeration of this difference and a false diagnosis of unilateral left side arterial insufficiency. Conversely, in an impotent man with real unilateral arterial insufficiency and decreased velocity in the right cavernosal artery, injecting the vasodilating agent into the right corpus cavernosum will result in an artifactual decrease in the difference between the two sides, which will mask the actual diagnosis.
For example, if in a patient with a PSV of the right cavernosal artery 8 cm s À1 more than the left cavernosal artery, we inject the vasodilating agent bilaterally, this difference is considered as nonsignificant. However, if in the same patient we inject the drug into the right side and we presume that it will add about 7 cm s À1 to the actual difference, then we have a 15 cm s À1 difference between the two sides, which is pathological. It means that our wrong injection policy (unilateral injection) has caused a wrong diagnosis by exaggerating the difference (artifactual difference between the two sides in the pathological range). The reverse of this phenomenon is also possible and if in a patient there was an actual pathological difference between the two sides, for example, the PSV of the left side was 14 cm s À1 more than that of the right side (in case of bilateral injection), and we inject into the right corpus cavernosum, this difference may fall to 7 cm s À1 , which is artifactual and in the nonsignificant range. It means that our wrong injection policy (unilateral injection) has resulted in a wrong diagnosis (artifactual equality between the two sides) by masking the difference.
In the Color Doppler ultrasonography of the penis for vascular impotence evaluation, dividing the total dose of the vasodilating agent and separately injecting half of the dose into each corpus ) between the velocities of the two sides. The injection into the left corpus cavernosum may be responsible for creating an exaggerated difference, or an injection into the right corpus cavernosum may mask the difference.
Papaverine injection side in cavernosal Doppler M Ghafoori et al cavernosum will result in an equal effect of the drug on sinusoids and cavernosal arteries and will prevent an interference of the difference of the injection side on the final result.
